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(54) PROJECTION OPTICAL SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a projection optical system which is provided 
with a large numerical apertures and sufficiently small maximum effective diameter for 
an optical system. 

SOLUTION: A projection optical system, by which an image on a first face R is 
projected to a second face W, is constructed of a positively refractive first lens group 
G1 including two or more positive lenses, a negatively refractive second lens group G2 
including two or more negative lenses, a positively refractive third lens group G3 
including three or more positive lenses, a negatively refractive fourth lens group G4 
including two or more negative lenses, and a positively refractive fifth lens group G5 
including at least six or more continuous positive lenses, and these lens groups are 
arranged in this order from the first face R side. A single aspherical face *is provided in 
the fourth lens group G4 or in the fifth lens group G5, while an aperture diaphragm AS 
is provided inside the fifth lens group G5. A negatively refractive first air lens LA is 
arranged in a divergent light part just in front of the aperture diaphragm AS. In the first 
air lens LA, a radius of curvature rA1 of a lens face on the first face side is positive, 
while a negatively refractive second air lens LB is arranged in a convergent light part 
on the rear side of the aperture diaphragm AS. 
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n AI : »l©ffl»b>XL A ©JBlB««m©B#f* 
r A i:Sl ©ffifltl/ >XL A 6Dffi 1 BfflJ©ia*^g 
n A2 : m 1 ©^i/>XL A (Dj| 2 fffi«^W©JSrr* 
r AZ : »l©3Sftl/>XL A ©^2ffl«©lltl**S 
n BI : m 2 ©ffiftl/ >XL B ©ffi 1 iffiflJJSEH©JB*f* 
r»,:S2 ©S»I/>XL|iDS 1 BHffl©lffl*^g 
n BZ : ^ 2 U >X L B ©ai 2 flfliPJJ«£K©fil*f* 

r B2 : SI 2 OSftl/>XL B (DS 2 |?nffl©fll]*^g 



- 3 - 



!&ffl¥- 1 1 -9 5 0 9 5 



[0012] Zkmx, (3) t (4) (i. %ti?nmi& 

(3) Xii (4) ©TEK£@;L3iu ±^?XttT 

f4--it (3) Xfct (4) ©±PS£S;LSh, W, 1 XfiSg 2 
©£M 1/ >X©A*fffl hWaflJO U- >XIi©[ffi2^#* 
;«&©JK^£+«-ic<;£tiiET-;£& < 

S o 

[0 0 13] ^ff^ (5) HU *1I*6*2IS7?CD 
£g&fL£*^kLT, *3D&E!ffi1MX*S5gLfc*OD 
T-feSo ^ffS (5) OTMSi^i:, HBffiiMXtf 
'h£^9J0icg<D:fcg&U>Xk&D#£ L< ftOo 

(5) cD±m*mz-&t. BI*-fX'#*g< 
ft^-f^T, iRMMIE#BI£kft£o 

[0 0 14] Sfe*»Wt:*5^Ttt, 

( 6 ) N A > 0 . 6 5 

(7) 0. 05<f 2 /f 4 <6 

(8) 0. 0 1 <f 5 /L< 1 . 2 

(9) - 0. 8<f 4 /L<-0. 008 

(10) - 0. 5<f 2 /L<-0. 005 

N A : ffcAS^HQR 
f 2 : Bg2 U>X»©*jS«(I 
f 4 :!4 l/>X#<D«USra« 
f 5 : i5 l/>X»OME« 

[0015] ( 6 ) fcfc, ftflJfrfcHDftN ACOil 

«&«H*a^"rst>©T-feSo *iBWtti/>xowia 

Stflt-r5*OT-fe5o Ufetf^TSfeffa (6) ©TPM£ 
§ ft < ft £ o 

[0016] ^frst (7) a, nm%rfj(Dm4 vyxu 
m*mmcmiET2>fz®(D<b<Dr"$>z>o (7) © 

TiiiBiSi:, *4 1/>X#G 4 Ol*f*#»2U> 
XSG 2 ©JB*f*lC*fLTffl»WCS< ft££tf>, IE© 

fra'(7) (D±m*mx2>}i, »2i/>x*G 2 cDB*r 

*r#*4 U>X»G 4 ©e«f*C»LTffl>tWtS< ft 

ftl^o 

[0017] jfeffSC ( 8 ) H\ WrMiTrtjcom 5 u >XS 
G 5 OJE*f*cpa^0ft|5Bl*^Ufet»cc)T-ft D > *S 



frit (8) GDTKS£&S;i£*:> » 5 U>XfflfG s CDfflJf 
** s *S<ftO-T¥, ^5 U>XWGsCTfiC0MfflJR 
HcD^ft *>Tfi<D«ffiJKII#tt;fcfclB£"f & «fc3 £ft 
9, #f;L<ft^ 0 i»lc*f*5£ (8) ©±PR£Sx.£ 

ix>x?¥G 5 6DSffi : ±i^is<ft^-r#, -fiic 

[0018] ( 9 ) 14, tkJBifffjCDM 4 1/ >X» 

G 4 ©aw*©a[«ia«H*asb&*(Z)-efts. 

(9) ©TEB*j§8;i£i:* «®iRH©ffljE*sHSIii:ft 
iffit^frSC (9) CD±m*mz-Z> 

nviRnts^-rafetoifS u< ft^o ft^\ 

iRH&a^y ;i/ft*a»t:1«iE^-Sfe«>Jctt, ^ 
frS (9) coTKfl^-O. 0 7 8 fct-SdfctfSFS L 

(9) ©±(Rtt*-0. 04 7 t«Ci:#»$LK 

[0019] (io) a, mm#t-jj(Dm2 U>X 

WG 2 ©JB^©i8flI*:l6H*a^bfct»CD"t?feSo ^ 
ffsC (10) GDTI©*jex.Sk. ;M&#ie© 
*Sftttfcfca&«>»3;U<fc^. iBtSfeffSC (10) 

<ft<^o ft&\ ^yy^— ^i/ft^Mti^jfftHSiE-rsfc 

»tctt, *ffa do) 0Tfit*-o. i6^t§^ 

IE-rafe»iCtt, (10) £>±|&ffi*-0. 0 7 

[ 0 0 2 0 ] *iC, ^^(C^Tte:, ^5 1/>X^G 

5*^a>ft< itfc6Dfli/>x*ia«-r5ci:*sff* 
v^[fiiS'&ofecaBBcDi/>xffi*a>&< 2ffigaa-r 

Sv^^rSi^^ofclHIBD^PVXMSr^ft < i: t) 2 jfiB 
SG 5 ^iC, S^Cfp)t^o^:flMcDU>XIS*^ft < 

L/ > X S G 3 * JC, S ^ t f Rl S & -o fz a ffl CO \y > X IB £ 

© JR il cd 3= * Wi f H tS^ttft-SSo 
[ 0 0 2 1] 



- 4 - 



1 1 - 9 5 0 9 5 



*k U^*;i/R±©><*->*IB'hffi*fc 
T£x^W±fc»I&flMS"ra*>©T?& !K U^;URffi 

G,fc, fiMA0i2 I/>XSfG z t, IEJB#f*©ffi3 
U>XfffG 3 h, ftJH#f*©*4 U>XSG 4 fc, IES#T 
*©»5 UVXPGsfcTMBfiK^ftT^a. 12 * 

[0 0 2 2]^»Jh*> l/4fg©fg*£J#of£i; 
««©BBP»NAttO." 7 5, 
tt(£5 2. 8mmT^!3, d fttt * ;uR (D+M X £ 
LTx 7 4. 5 x 7 4. 5 mm, Jt(i 9 0 x 5 5mra 

2 9«(©l/>X4ffiffll, *5MSx=^>^L/- 
If— ©2 4 8. 4 nm©*ft«fifc:*»t5acffiJRii, 3 

«n&tttB©*****#tu'ri^-B. iiii«©i/> 

X©S**»ffttjB2 5 OmmT'feO, «rft-ftR9SHfL 
ttl 1 4 8mm«^ SfcS2 W]Ol/>X0t* 
#S6gttjR2 5 6mmT?*t), KliMfcHENI Ltt 1 1 6 
7mmT*fc£o C ©<£ o MM 55 JEW £ * , #fflT£/J*5S© 
****3afiR"TSCi:Asl?Sfe*©^feSo 
[0 6 2 3] ^ l*Jt«©^ 1 U>X»G,tt, 
;i/R«tflH*fiHtfc^=^*XU>XL,i:, 2fe© 
lfll/>XL 2 , L 3 5()^^So 12P>XSfG z (t 1/ 
^■i^;i/R«icon*iRi*tfey— X*^U>XL 4 ii, 2 
ft©f^Ell/>XL 5 , L 6 £:, ^x^W«c£iH£ft(:t£ 
^^*71/>XL 7 ^^^o l/>XL 4 0^x^Wl 
l/>Xfflli*«It'*5. »3l/>XSfG 3 li, 
W«lfcif!iffi&|q]W-fc 2ft©^-^^^jEl/VXL 8 . L 9 
i:, ■pgflU'>XL 10 *:, U^-^;i/R«lCiaffl*|pl(tfc^ 
-^^XjEU>XL n ^, j3aflU>XL lz *:, 
R $ J ic ft BB * Ir) ( 1 7c * — ^ * X IE U > X L , 3 £ £ 0 
f,4 U>XS¥G 4 tt, U^^;i/R««Cflffi*|RKt36:2«t 
©^-^A^fll/>XL 14 . L 15 fc, 2tt©MIHIU>X 
L 16 , L 17 h, U^^;i/R«lCflffi*lp|(t&^-X*X 
l/>XL 18 ^^^o U>XL I6 ©£:n>>\Wtf!ijU>Xffl 
(i*Scat'fcSo 15 b>Xi¥G 5 te, ^x^WflJfcO 
BS*|pI»&^^X*XjEU>XL,9i:, 4tfc©ffiflu> 
XL 20 , L 21 , L 22 , L 23 £:, b^^;i/RffliJ^flBS:[pI 

z<y) = 



yVr 



Wfc2tt©^-^*XIEU>XL 2 4, L 25 £ x [3oQiJU> 
XL 26 h, U^^;uR«lcflffl*lS|»& 24Sc©^-X* 
XIEU>XL Z7 . L^^^So Lfe^oTl^>XL ig 
~L25#attL&7tfc©iEW>X4:«coTi>So £fcgf] 
PSDASit 15 U>XWG 5 rt©U>XL 21 i:L 2 2 
©ffltEKStUT^&o *3?BE#JT-fcfc; U>XL 18 hL 
, 9 ©RgpS#l 1 ©3gftlx>XL A i:«c^Tt5t), U>X 
L 25 <h L 2 6©BH* $ ^2©S« ( l/>XLBi:*co-r^ 

5 o 

[0 0 2 4 ] 12IHSM©! 1 U>X»G,{4, f^CDb 
>XLjh, 3«C©KCjb>XL z , L 3 , L 4 ^?)&5o 
12 1/>XBG 2 (4, l/^^;i/R«tCifflSrq|it&^ - 
X^^l/>XL 5 h, 2tt©WIHU>XL 6 , L 7 h, £ 

So *3l/>X»G 3 tt. *xy\WflJiCiSffl*|n]W-&2 
«C©^-X^^ix>XL 9 , Lio^s 2*fc©MflU>X 
L„, L 12 £ s U5 = -^;i/Rffllcoa*|fi]»fc2tfc©><- 
^^^IElx>XL 13 . L^^^So S41/>XffG 4 
It, 1/^^;I/R«fcliaffl*rpl»fe 2^(D^7^7I/> 
XL 15 , L 16 h. f3aQ£]U>XL 17 h, ^x^WtfnjfcriM 
4fpJ«tfc^-^^^U>XL 18 i:. f^0£]b>XL 19 ^6 

6 s 0 u>XL 17 ©^^NW«u>xffitt*aca-t?fe 

So ^5l/>XS¥G 5 tt, f^ftl/>XL 20 ^ r>x^W 
ffl!)iCflHS:[pI(tfe^x^^^iEU>XL 21 ^, 4$t©[3a 
t£bU>XL 22 , L 23 , L 24 , L 25 ^, L^^URWcdb 
H£fattfc^~X*XiEU>XL 26 h. Ml/yXL Z7 

h> u^-^;i/RfflJicCiffi*iqi»tfe 2t!c©^-x*xiEw 

>XL 28 , L^^^So Lt^oTl/>XL 20 -L z6 
ftMM Lfz7 fe(£> IEl/>Xh^ot^^o £ 36: m □ & 0 
ASIt 15 l/>Xi¥G 5 rt©b>XL 21 hL 22 ©P^ic 
EBSlxr^So #ISliB0lTBu l/>XL, 9 i:L2o©H 
PItfll ©Sab>XL A t4otftD, b>XL 26 h 
^©BPBtfffi 26D^l/>XL B h^ot^l) 0 
[ 0 0 2 5 ] UT0I1 hgt2le, ^tl-PtllK 12 
^JSfi«l©»7C*^-ro [3581© 0>X!#^g] llffl 
Nottl/^^;i/Rffl3^&©«U>Xffi©#^ 12fflr 

u& i» >xi©ffl$*i, 1 3 m d u >xa *p e> efc 

©U>Xffi*T'©MPH, l4WSl/>X©f^i:b> 
X»©#-9*^-To SfcS HI**94ftLfcl/>XI 

+ Ay 4 -hBy 6 +Cy 8 +Dy 10 



y : *i«l*e>©i*5* 
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No =34 /c =0.0 A= 0.331422X 10" 7 B =-0. 283218 x 10~ n 
C =-0.694259x 10-^ D= 0.689446 x lO" 20 
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m 2 mmm 



( 1 ) D/L 0.170 

(2) I P A -P B I x L 0.78 

(3) I P A | XL 0.716 

(4) ! P B I x L 1.43 
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0.43 
1.52 



1.03 



( 5 ) Y/L 0.0115 
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(6) NA 0.75 

(7) f 2 /f 4 1.40 

(8) f 5 /L 0.15 

(9) f„/L -0.044 

(10) f ,/L -0.061 
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-0.047 
-0.060 



1.26 
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